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Absorber window thickness measurements

Prototype window measurements
by R. Riley (FNAL), 2/20/01
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Influence of the gage while measuring the thickness:
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C/C: A deflection of
.3um should be noticed.

M easurement of the
thickness with a probe
oriented according to a
30degre angle.
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Radius Gage Ultra-Son
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5y Numerical analysis of the windows

Muon Collaboration

Goal:

Modelization of the behavior of the absorber window

for the process of acceptance of the manufacture of the serial windows.
Procedure:

1- Calculations of the deflection, strain and stress for the 0.13mm thick window.

The strains are showed in order to be checked by the measurements performed with the
pressure test - up to rupture. => validation of the FEA.

2- Calculations of the 0.36mm thick window.

Definitions:
Axisymetric model
E=68.10° Mpa
nu=0.3

CD-03/15/01 Absorber review meeting ar NIU 10
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Load: 0.12M Pa pressure

Case 1: 0.13mm thick window/ R15cm,

Max. equivalent strain is3067 & —>

0.13mm thick window with 0.12 MPa prescure (relative)
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ANSYS 5.5.18P
MER 16 2001
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PowerGraphics
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0.13mm thick window with D.1Z MPa pressure (relative)

(= Max. deflection is475 um
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CD-03/15/01 Absorber review meeting at NIU 12



!
i /

Numerical analysis of the windows

Muon Collaboration

Max. strain along X is 1732 wE

0.13mm thick window with D.12 MPa pressure (relative)
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0.13mm thick window with D.12 MPa pressure (relative)

(= Max. strain along Z is 1618 pE
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4y Numerical analysis of the windows
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LH2 Absorbers —0.13 mm thick window
Stress Analysis

S Pnominal=0.057MPa
{0.56 atm)—-stress=75 MPa

270
s 250
E,; 230 1 Max. allowable stress
2 o0 according to the
[ ASME code =75 Mpa

T80 Pultimate=0.2 MPa Rupture=

2 (1.96atm) 3.5 x 10.9 ksi=262MPa

=stress=262 MPa
150 . . . . .
D12 D14 D16 D18 D.2 D22

Relative pressure applied to the window (MPa)

Mote: In accordance with the ASME code standards the maximum allowable stress for the 8081 TE alloy is 75 Mpa
A safety factor of 3.5 is used to calculate the ultimate pressure, in accordance with the ASME code standards

Christine Darve02/27/01
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Load: 0.12M Pa pressure

Case 2: 0.36mm thick window/ R18cm,

Max. equivalent strainis1231 & —>

0.36 mm thick window with 0.12 MPa pressure (relative)
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0.36 mm thick window with 0.12 MPa pressure (relative)

(= Max. deflection is234 um
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Max. stressalong X is64 MPa —>

0.36 mm thick window with 0.12 MPa pressurse (relative)
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Numerical analysis of the windows

0.36 mm thick window with 0.12 MPa pressurse (relative)
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Numerical analysis of the windows
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LHZ Absorbers —D.36 mm thick wind ow
Stress Analysis

300 -
250 4
Prnominal=0.138MPa \
S (B ati) —ssiassein iR Max. allowable strass
—_ according to thae ASME
% code =F5 Mpa.
E’ 150 + Rupture=
= 35 x10.89 ksi=262MPa
]
100 -
Pultimate=0.488 MPa
{4.82 atrm)
ST —stress=262 MPa
o . . . . . . . . . )
0.1 o5 0.z 0.25 0.3 oas o4 0.45 0.5 0.55 0.6

Relathre pressure applied 1o the window (MPa)

Mote: In accordance with the ASME code standards the maximum allowable stress for the EDOE1 TE alloy is 75 Mpa
A safety factor of 3.5 is used to calculate the ultim ate pressure, in accordance with the ASME code standards

Ch. Darve — 03/068/01
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%\(’( Set-up and instrumentation of the test pressure
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Goal of the pressuretest:

Validation of the numerical analysisfor a0.13 mm thick absorber window
Simulate the MUCOOL condition regarding pressure (Hydraulic test @RT)
What ? the critical part => Absorber window / Al 6061 T6
How ? = pressure applied to the window,
= measurement of the strain,

= measurement of the maximum available stress (=>Rupture)

Procedure:
Strain gages
Pressure transducer

Regulation of the pressure

CD-03/15/01 Absorber review meeting at NIU
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Set-up and instrumentation of the test pressure
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PRESSURE

TO PRESSURE
TRANSDUCER

VENT

PRESSURE CONTROL

FROM 60 PSI BUILDING
WATER SOURCE

CD-03/15/01

SN
v

GAUGE WINDOW R30 mm

013 mm THICK RADIAL ORBITS
@ 125cm SPACE

RESISTANCE TYPE
STRAIN GAGES(33)

5367cm [21.17]

_FIBER-UPTIC
/// STRAIN GAGES(3
/

VIDEO CAMERA

N

WINDOW PRESSURE TEST SETUP
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Set-up and instrumentation of the test pressure
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PRESSURE

TO PRESSURE
TRANSDUCER

VENT

HYDROSTATIC PUMP

Tonk w/ ~ 20

CD-03/15/01

GAGE

of water @ latm

WINDOW R30 mm
013 mm THICK RADIAL ORBITS
@ l.e5Scm SPACE

RESISTANCE TYPE
STRAIN GAGES(33)

53.67cm [21.17]

_FIBER-OPTIC
VIDED CAMERA  STRAIN GAGES(3)

e

WINDOW PRESSURE TEST SETUP

Absorber review meeting at NIU 21




5%( Set-up and instrumentation of the test pressure

Muon Collaboration

.a-"'j

CD-03/15/01 Absorber review meeting at NIU 22



5“%{ Set-up and instrumentation of the test pressure

Muon Collaboration

-. |. 1 | -l-:lr . ."._ g :
L : :_. ; . . B , 3 i
e i T i - By — —_
_-'Q'ﬂ""-""‘"'.-l__ - a - - __' |§ ’ T
i A =
~
: WS = * i
| bt __-'" + - -
i A B a5 -
™ ?ll -

-

{

CD-03/15/01 Absorber review meeting at NIU 23



fac

Muon Collaboration

CD-03/15/01

Set-up and instrumentation of the test pressure

Absorber review meeting at NIU

24




!

i Set-up and instrumentation of the test pressure

Muon Collaboration
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pr— N s f B
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]
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1
\
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PRESSURE TEST ABSORBER WINDOW
STRAIN GAGES INSTALLATION
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Set-up and instrumentation of the test pressure
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Strain gages - Specification:

Construction: Fully encapsulated grid with exposed copper-coated tabs

Foil Alloy: Constantan

Carrier Matrix: Polyimide

Nominal gage thickness: 0.056mm

Strain limits: +/-3%

===> Estimation of theinfluence of the strain gagesinstallation over the mechanical property of the

window.

M ax. strain to measur e
Al 6061 T6 (E= 7.104 @RT, =262 M pa)

d

€= ------- ~3700 w €

E
CD-03/15/01

Absorber review meeting at NIU
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5-5\(’( Set-up and instrumentation of the test pressure
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Goal: Strain gages need to be assembled on the 0.13 mm thick Aluminum window in order to record the behavior
of the absorber window whileit is pressurized to break.

Materials:
- 33 strain gages. model EA-03-250BF-350, option L
-"usua" glue for assembly on Aluminum support
-"usual" 4 color copper wires
- 11 connectors

L ocation of gages. On the convex side of the window, along the four concentric circles built as in the attached
drawing, plus one gage on the middle.

How:
- Clean surface with adapted solvant.
- Applied gages on the aluminum window with their standard bonding adhesive.
- Gages should beinstalled so that the lead side is oriented toward the window flange.
- Gage leads should be bended in order to avoid any contact with the alumimum surface.
- Four copper wires (4 meters long) should be soldered to the two leads and routed toward the
window flange: white/black and red/green
- Tape should only be used to protect wires on the window flange - no tape on the thin part of the
window.
- The extremity of the wires should be assembled to connectors (three gages per connector).

CD-03/15/01 Absorber review meeting at NIU 27
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Difficulties for esee:

A pressure must be applied to the strain gages and transfer to the thin layer in order to cure the
bonding adhesive and releave from air inbetween the gage and the window.
.Convex surface to assemble the gages.

Solution proposed:

Fill partially the concave surface with a polymer that will stiffen the aluminum window and permit to assemble
the strain gages. The polymer can be removed easily after the strain gages will be installed.

- RTV-41 (middle)

- DBT (curing agent)

==> durometry test = 50

Other possibility, if the aluminum plate is not estimate stiff enough: Fill the concave side by an epoxy resin
(larger durometry).

With this principle the strain gages will be well assembled, avoiding the curve and the weakness of the window.

CD-03/15/01 Absorber review meeting at NIU 28
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WINDOW R30 mm
013 mm THICK RADIAL ORBITS
@ l.eScm SPACE

RESISTANCE TYPE

Toward DAR (switchina system & DAQ
STRAIN GAGES(33)

oarac):

1 to 2 Pressure Transducers: (0-2V) ]
33 strain gages: (0-1 VO

3 fiber optic strain gages (signal

conditioner « Analog outputi+/—- 10 VO

_FIBER-OPTIC
 STRAIN GAGES(3)

e

WINDOW PRESSURE TEST SETUP
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|

v
iz i Decrease pressure down to Po /
H Enter calibration of strain gaugesin DAQ

L=Lo
—

v
READ/WRITE READ/WRITE
i=1.50 P, E1.E32 i=1.50 P, E1..E32
=0 "‘
Fill w/ water: Pressurize w/ water:
L=Lo+j0.1liter P=Po+n0.01 MPa R
1 P=Po..P1max
=0 j=0
tempo 30 sec i E':ﬂaimax tempo 30 sec
150 READ/WRITE i=1.50 READ/WRITE
P, E1.E32 P, E1.E32
< <
If L=Lmax then If P=P1max then
P=Po
h=0 =
¢
- o READ/WRITE
0 READ/WRITE i ietack
P, E1.E32 »
¢ m=n - hiall )
\2
Pressurize w/ water: Pressurize w/ water: p=L.pmex
P=Po+m0.02 MPa P =Plmax + p 0.005 MPa 1 P=Pimax. P2max
=0 - =0
tempo 30 sec meLmma tempo 30 sec
READ/WRITE READ/WRITE
i=1.50 P, E1.E32 i=1.50 P, E1.E32
If P=P1max then P=P2max
v
v

P=rupture
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